Abstract Barium Strontium Titanate powder in the form of nano cubic particles has been prepared using slow rate gellification by solgel method. X-Ray Diffractometer results show that single phase formation occurred at 800 °°°°C and the crystallite size for this sample was found to be 36.06 nm. Scanning Electron Microscopy analysis shows that the particles in the sample calcinated at 800 °°°°C do not agglomerate and the average particle size was found to be 42.30 nm. The nano particle size analyzer results show a narrow particle distribution with good uniformity.
I. INTRODUCTION
High Capacity Dynamic Random Access Memory (DRAM) Integrated Circuits require dielectric material which possesses high dielectric constant, low dielectric loss and lowleakage current [1] . In this context, Barium Strontium Titanate (BST) has been identified as one of the potential oxide materials which can be used as a novel dielectric material in the capacitor of the DRAM cell. BST has favourable characteristic properties: polarizability, piezoelectricity, pyroelectricity, electro-optic activity suitable for this purpose. In particular, it can be used as a gate oxide material in the capacitor of a DRAM cell with high dielectric constant, low leakage current density which requires less frequent refreshing, and high dielectric break down strength [2] .
BST powders are commonly prepared using solid-state reaction [3] , co-precipitation [4] and sol-gel method [5] [6] [7] . The synthesis by solidstate reaction takes about 24 hours [3] and required high temperature (1100°C) during synthesis [8] . On the other hand, the precipitation step involves a large number of variables that could complicate the synthesis procedure [4] . In recent years, many researchers used sol-gel method for the preparation of BST powder because of the homogenous distribution of elements on a molecular level with low temperature calcination capability and relatively low capital cost [9] . In addition, the material composition can be easily adjusted for tuning the electrical and dielectrical properties of the material accordingly.
The size and homogeneity of the particles are very important for BST target preparation which will be sputtered on substrates as thin films in the capacitor of a DRAM cell. The mole ratio has been fixed to 0.5 in order to provide superior electrical properties due to its paraelectric phase which resulted in a lack of aging and fatigue effects at room temperature [10] , a reasonably high dielectric constant or "high-k", low dielectric loss and low leakage current density [11] . Higher mole ratio BST is normally not chosen, despite higher dielectric constant, as it leads to high temperature coefficients [12] .
Most of the earlier research work in BST preparation used to inject precursor solution by pipette, syringe and programmable peristaltic pump. As the flow rate could not be exactly controlled by syringe and pipette, and the peristaltic pump is costly, we have adopted the use of a dripping system with 21G (0.723 mm) diameter syringe to inject the Barium/Strontium acetate solution into titanium iso-propoxide mixed with ethylene glycol ethyl. This slow rate addition of precursor solution is expected to provide more precise control in the rate of gellification and thus, improved control in particle size distribution and homogenity. In this context, a relatively a low-cost, simple, slow-rate sol-gel method has been employed to synthesize BST as a dielectric material for prototype testing, leading to possible capacitor applications.
II. EXPERIMENTAL PROCEDURE Barium acetate (Aldrich -24367), strontium acetate (Aldrich -437883) and titanium (IV) isopropoxide (Aldrich 205273) were used as starting materials for the BST synthesis. Acetic acid (Glacial) was used as solvent, whilst ethylene glycol ethyl (Aldrich 128082) was used to control the stability of the titanium isopropoxide solution and reduce the particle grain size. All the acids and chemicals were of Analytical Reagent grade. Stochiometric ratios of barium acetate and strontium acetate were dissolved in acetic acid, separately. The two solutions were then mixed and heated slowly just above room temperature with continuous stirring at 240 rpm for 15 minutes. Subsequently, the resultant solution was injected by a dripping system of a syirnge with diameter 21G, into a solution containing titanium iso-propoxide mixed with ethylene glycol ethyl. The flow-rate of barium/strontium precursor solution was maintained at the rate of 2 ml/minute. This slow addition enabled better control of the reaction to get the transparent gel. The time taken to complete this formation of BST transparent solution was about 24 minutes. The pH value of the solution was maintained in the range of 3.5 to 5 [13] .
The as-prepared gel was dried at 70°C overnight by hot plate in air and was subsequently calcined at different temperatures ranging from 600 °C to 800 °C for 3 hours by conventional electrical furnace (Carbolite, 11/6).
The powders calcined at different temperatures were characterized by X-ray diffration method (XRD) (X'Pert Pro PW 3040 Panalytical, Holland) with CuKα-radiation (λ = 1.5406 Å) and XRD patterns were recorded in the 2θ range of 20° to 80°. The crystallite size was calculated according to Scherrer's equation (d = 0.94λ/βcosθ) [14] .
The particle morphology of BST samples were analyzed by Scanning Electron Microscopy (SEM, Leo 1450 VPSEM) and Transmission Electron Microscopy (TEM, Philps HMG 400). Nano Particle Size Analyzer (Nanophox, Sympatec) was employed to study the particle size distribution (PSD) with dynamic light scattering (DLS) as a non-selective method in particle size measurement.
III. RESULTS AND DISCUSSIONS
The XRD patterns of the dried gels calcined from 600°C to 800°C with heating rate of 15 °C / min and holding time of 3 hours are shown in Fig. 1 . The samples heated below 800 °C could not attain their thermo-equilibrium condition as the reflection peaks belonging to titanium oxide (TiO 2, JCPDS number: 70-2556) are discernable at 2θ of 24.1995 and 24.4133, that of titanium oxide (Ti 9 O 17 , JCPDS number: 18-1405) are discernable at 2θ of 24.4825 and that of strontium oxide (SrO, JCPDS number: 75-263) are discernable at 2θ of 34.9548 respectively. This observation suggests that the calcination temperatures are not sufficient to intitate full reaction and higher calcination temperature is required for samples to reach thermo equilibrium. However, the single phase formed evidently at 800 o C as the prepared samples could be fully indexed based on space group, Pm-3m with a = 3.9471 Å, b = 3.9471 Å, c = 3.9471 Å and α = β = γ = 90 o , respectively. This observation of space group and lattice parameters agrees reasonably as identified and confirmed by JCPDS number (00-039-1395). The crystallite size calculated using Scherrer's formula for the sample calcinated at 800° C is found to be 36.06 nm. Fig. 2 shows the SEM image of the sample calcinated at 800 °C. It is observed that the particles do not get agglomerated. Fig. 2 SEM of the sample calcinated at 800 °C Fig. 3 shows the TEM image of the calcinated sample at 800 °C. The particles of this sample is of cubic shape and without agglomeration. In this work, highly homogenous nanoparticles with an average particle size of about less than 45 nm was prepared successfully with a smallest particle size of about 40 nm. Fig. 4 shows the particle size distribution for the sample calcinated at 800 °C using nanoparticle size analyzer. An average particle size of 40 nm and a narrow particle distribution was observed for the 800 °C sample, and is in agreement with Scherrer's formula. The standard deviation of the particle size is only ± 3.48 nm for the sample calcinated at 800 °C which shows that the particle size in the BST sample is highly uniform. In this present work, highly uniform cubical nano-sized Ba 0.5 Sr 0.5 TiO 3 powder has been successfully synthesized using simple slowrate gellification by sol-gel route. Cubic perovskite structure of BST was achieved at a low calcination temperature of 800 °C. The BST synthesized is homogenous with particle size of about 40 nm. Further work in optimising the calcination temperatures, sintering and electrical properties of BST samples are in progress.
